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IBSTBACT 

This paper exaaines ,the question of the hereditar-jf 
nature of .intelligence and the validity, of scve of the statistical 
procedures Khich have b«en used in aeastiring the degree' of 
hered4.tecbility. The author feels that ptoof of the question lacks 
sufficient scientific rigor for the support of any conclusion, 
particQlary for a question of sud^ political and eioticnal 
importance. (Cia^ 
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I I ntroduct ion ' - , 

T 

Jensen's (I969) article suggesting the possibility that capacity 
for intelligence, is largely inherited has ignited a stronv of controversy. 
CX>' ' During a period in American history marked by* concern over the lot of 
^ minority cFtizens, it is understandable ^that any sugges tion Black 

racial inferiority is a touchy subject. This is true whether the her i tab i 1 i ty ^ ^ / 
of intelligence issue has logical social or politi.cal implications because 
so many people believe that it does have s'uch implications. 

The controversy is nearly unique in science because of the juxtaposition ^ 
of violent emptions and complex technicaf questions. Rarely does so.mych , 
emotion hinge upon -obtruse' ma themat i cal subtleties. There i s no doubt that - ^ 

the technical questions are not simple. Honest dispute of the qorrect 
application and interpretation of methods iS an important aspect of this ^ ' 

problem. But, in an impor tan t .sense , the technic'al aspects of th is Issue 
are separate from the political and social implications purported to follgw ^ 
by such writers as Hernstein and Terman. Without a consensus among the, 
scientific corrtmunity on so complex an issue, politicial and social conclusions 
V do not carry the wefght of scientific findingVj The conclusions drawn by 

those who choose to do so despite scientific disagreement ought to be taken 

1, . . . , 

as seriously as any other political al 1 egkt i.ons , given the credibility of ^ ' 

\^ the source, but do not carry the weight of scientific findings. Th i s .separat ion 

of the'^scientif ic and the socfal -pol icical implications is not alwarys appreciated. 



k^The papfer which I am presenting tod^y deals with a narrow but important 
aspect- of the intelligence testing controversy: the mathematics of the 
heritability of intelligence. Jensen's interpretations cff data are at the 
^ijp center of the controversy and I will necessarily spend some time discussing 
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the?e. The following presentation is organized into t;hree parts. Hrst, I 
>^ 'will introduce the problem and describe the ejements of the argument that 
intelligence is largely- j'nheri ted. Next, I wi 1 1^ present a critical review 
of this argument.. InterpretationaT problems to be discussed includ^ restriction ^ 
of range, within group versus between 'group heci tab i 1 i ty , the internal .validity 



of monozygotic twin studies, and the question of regression foward the mean.- 
Finally, the tech<U^cal issues are summarized and the- concl us ions which can 
be drawn are presented-. ^ 

/ V ■ / " 

l \ , The Problem , ' ^ 

The argument that -Ifi testing data yields a meaningful and high estimate 
of tjie -her! tabi 11 ty of in^el 1 igence involves several logical step^s. First, y 
IQ, tests are presumed to be val i d -(neasures of intelligence; tha^t r^s , they 



are assumed to be 'a representative sample c^f the ab i 1 i t i es wh i ch co\^rise 

intelHgence. Jo the extent that the abilities tapped by IQ tests do not 

'fairly represent i ntel 1 i.gehce (however defined), then IQ tests are not valid. 

IQ tests assume. that intelligence has' an 'under lying struct\ure which ^ > 

\ . W 

' Is mono.tonic. By this is meant that true inteljigence scones cart be unambiguously 



ranked' as h i gher ,. equal , or lower with;>espect to each other. It is not 
permfssable that one ' individual, be regarded as fhore j ntel 1 i gent in one -^r^S^pect 
and less intelligent, in anoilier respect relative to a 'second person. This 
requirement is necessary, for the sta^tistics appli'ed to .IQ tests'to be appropr^e.- 
Of ^urse, there is an important di fference between the 'h^erj tab i 1 i ty . ^ 
of IQ and the heritability of intelligence. ff we are satisfiedto study 

-the heri'tabi 1 i ty. of IQ^ the foregoing assumptions are unnecessary. 

If 'it is Assumed .that. IQHests are a valid measure of intelligence,' 

. we'nexfcome to the*^ ques t ijor>: how. much of JnteH igence is inheri.ted? The 
technique for mea$Hjrmg her i tab i 1 i ty grows out of correlation and analysis 
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of . variapce. * It is possiWe to calculate the porportion of variabWify in • 

a' dependent variable which. i^S perfectly correlated with or predicted by ,the independent 
• variable. If the independent variable, X, is suspected to cause the dependent ^ . 

variable, then^ the porportiom of variance predicted by the independent 
' variable is a measure of how much X determines Y". It*'is important to remember ^ 

that porportion of Variance predicted 'is calcula^e/d ori and appl ie , to , the 

sample data. » . ' \ ^ . / ' < 

t+re variance in intelligence scores determi,ned by^genetics has been 

stLidied usirtg twins reared ap^rt and adopted children. If, the correlation , ^ 

: ' ' ' ' ' . ' . . ' 

between the IQs of identical twins reared by different families ,is high 

despite their (apparant 1 y) 'different envi rQnments ,* then, the argument . runs , 
*. . the twins whose genes are the same must have inherited the ^imi larj ty/of 

^ theLr intelligence. It is bel ieved .tKat the "different" (sic) environments, 
of the twins cannot be the source of the similarity in Studies -of foster 

children have the same purpose. If the \Q, correlation* between chjl'^ren 
and their natural parents is higher than that between ^adopted chijdreh in the 
same family an'd their (adopting) parents then this i$ taken 'to , show that - 
despite similarity (sic) of 'envi ronments', 4:he difference irf genes stil^l; 
produces a difference in IQs. ^ , - \ 

Finally, statistical geneticists correct the her i tjabi H ty ^values obtained,^ r 
in these studies on .two grounds. First, unreliability of a measure decreases ^ 
. the correlations between that measure^and bther variables as outlined by ^ 

McNemar (I969)t ^Correcting heritab'ility values for unreliability of IQ tests,. , ,^ 
therefore raises heritab'ility estimates as carried out by Jensen (1969)". * 
Secondly, it' is presumed that tl^je range of genes ^determin irrg intelligence \ ^ 

- ' : , , , — - ^ . . • 

is less in the -studies carrred out 'than in the population as a whole. 
Because^restriction.of range also decreases corri^l at ions as outlined by ^ 
McNemar (f969), (he her i tab i 1 Ity ^estimates .are \r?aised by the correction for 
ERIC restriction %f range carried ouX by 'Jense^ (196^) . , . 



Because Restriction of range al so -decreases correlations as. out.lined bu McN^mar 
(1963), 'the heritabil'ity estimates are raised by the cor%ctiop for yestr i c'tion 
of ^ange carried out by Jensen ^1969) . 
^ These arfe the ligs i c arguments necessary in making Estimates of the her i,tab i 1 i ty 

of iift^H igeace. Now, I shall cr i t i cal 1 y 'exami ne each of these and also 
some cwther related arguments. - _ 
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III! heri tabi 1 i ty of I ntel 1 i gende and Re] ated Issues 

The effect which restriction of range has upon statistical ^ * . ^ 
associations is a, critical methodological cons i c^e rat ion in intelligence 
testing. Jensen inflates the porportioh of IQ variance due to heredity 
from k5% to around 85% on the basi's of corrections for restrict*ion of 
range and ^nrel'i abi 1 i ty . If sample variance is less than population 
variance in the -i ndependent or dependent Variables or both, then 
resrriction of'^range i ^a cons i derat ion .wh i ch may affect correlation 
coefficients. Small samples suffer from restriction of range^since 
^he" chance of picking up very extreme cases in a small sample is low. 
In' general, restriction of range depresses statistical associations 

0 

because the ratio of explained to total variance is-reduced. 

Before specifically examining the Jogj^C of^he restriction of 
range correction, let us review a few elementary facts about the correlation 
coeff ivtient . The correlation coefficient may' be expressed as the ^q)jare 

root of a rat io. _That 'ratio'consists of p red i cted var i ance in, the 

' ' > • r 

criterion divit3e3^by total variance in the cj^^iterion. TotaT variance ^ 

in the criterion i^ comprised of predicted variance plus error. 

. ^ . " ^ . ' , - ^ ' / 

variance. ' In analysis o^ 'variance terms, the source/of predicted 

criterion variance is the pVedictor variable. Variance attributed to 

error arises from all other sources . Since the correlation coefficient- 

is the ratio of these two variances, then corrections to the correlation \ 

coefficient must be ba^4d upon the relative size of the numerator 

and denominator obtained from a sagiple compared to what would obtain 

in' the ideal experiment or study. 

The restriction of range correction is based upon the notion^ 

that'' for vai*iaous reasons, in some samples, the range' of the independent 



variable-is less than occurs, in the population to which results 
* wi 1.1 be generalized. If the range of the independent variably, is restricted 
then the obtained sample correlation coefficient may be attenuated because 
the numerator of the ratio is smaller than it otherwise woul'd^be. The 
restriction of range correction is appropriate when the independent variable 
is restricted and when all other sources of variance are unrestricted. If,\ 
however, the ranges of other sources X)f variance which contribute to error 
are also restricted, then the denominator will also be attenuated. In such 

I • ' ' ' . 

a. case, the effect fo the several restr i\ct ions . of range*on the s Lze of the ' 
obtained s^^Kple correlation coefficient depends on the relative restriction 
of sources contributing to predicted and error variance. For such a ca'se,% 
the correction for restriction or range is inappropriate. ^ 

In applying the restriction of range correction to the studies o"f^- — ^ 

the heritability of ntel I'i gence, the question to be asked rs this: is the^ 

*. / t - 

variance In IQ scores attributed to error less/tn the study samples than in 
the population. In ^'the crucial studies of the heritability of intelligence, 
the'error term" included all variance not arising from the genetic variabyle.'' 
Of 'course,^ when the error term is defined in this way ,^ an important source of 
variability contributing' to error is environment/ The crucial question then 
• f resolves into this: is the variance due to envi rcmmental 'faatfors less'Xfn 
the study samples than in -the population? 'If so, tKen the correction for 
restriction of range will be^ inappropriate. ' ] 

Kamin (197^) describeis the techniques ijsed in some separated twin 
studies to recruit subjects. la one study, by Newman, et- al . (1937) 
' newspaper and radip ads solicited pairs of twins who reported that* they were 
- *'so strikingly similar thatieven your friends and relatives 
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have confused you." Some were rejected because they admitted they^were not. 

raised apart or 'because, while they were identical, they had "different ^ 

dispositions." Those who qualified were rewarded with a free tr^ifL 

to the Chicago Exposition. This took place during the depression 

of the 193'0's. Such selection techniques potentially produce very 

biased samples although the direction and amount of bias_ is partially 

unknown. It seems clear that selection by the methods outlined will 

produce a sample »of twins reared in very shrii'lar Environments. 

As Kamfn outlines, .all four jmportant studies of separated monozygotic 

twins suffer from such poor sampling designs. Such studies have »no 

external validity because the sample cannot, be viewed as representative 

of any larger population of interest, l^e- correction for restriction 

of range applied to these studies by Jensen is clearly inappropr ia.te 

since it clear thaty enyi ronment is restricted at least as much as • 

genen-tics. 

The problem of wi thi group versus, between group *her i tab i 1 ity is closely 



related to the restriction of range cons rderat i on . vWe qan J 1 1 us trate .i:h i s 
using an'exampje cited by Layzer '(1975) . Consider two populations of wheat. 
The first is highly inbred and therefore has a completely homogenous genetic 
makeup. If grown under* vary ing- envi rqnmental the height of the stalk will 
be a highly variable trait- The gene-hei gh t correl at io{ , that is her i tabi^| i ty ^» 
will be zero since the variation in genes wiTl account for ndne of the^va'riation 

} • ' ' . r 

in height. The second population of wheat has a heterogenous genetic maKe-up 
and is grown under uniform envi ronmetital conditions. Heritability in this 
population will approach 1.0, since virtually all variation irt height depends 
P . upon genetic make-up. ' Hferi tabi 1 i ty es tim^'tes based upon one of'these populations 
' does not apply to the other. The reason for this is^ th^ same that^ prevents 
general izabi 1 i ty of biased samples. Th^ first population* represents an instance 
O of resi:ri ction of genetic .range In the second , env i rohment' i s restricted; \\ 
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Consider the analogy to black -and caycasian environmental and genetic fadtors. 
If cjompiaints of minority groups^ef lect reality, then the environmental 'con- 
ditions iihder which- the two groups 'live differ systematically, 'Not only 
the mo^al environments differ but there is little overlap between thq ex 
of the distributions of the two groups especially at the high end. 
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Fig;— Ir' Putative "Quality" of Environments of U,S, Black and White 
Populations, "Quality" is- an Abstraction Reflecting the • 



Contribution of Envi-ronment to IQ Score,- 
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and Whites are similar with respect to whatever environmental and genet^ic 
variables' affect IQ scores^ th^n a heritability estimate based upon White 
subjects does not apply to Blacks, More simply stated, we have reason 
suspect that the range of environments in which Black children develo.p 
.more restricted than that of' Caucasian children. This may result in ijss 
variatioi|^in IQ among Blacks than Caucasian. Moreover, since it is th| "better 
environments that Blacks are generally denied, then the lack of • variation would 
be expected to largely appear as lowered IQs. 

"The fact that evaluations of compensatory, education have failed to shav^ 



sustained gains on aohievement test scores is sometimes cited as evidence that 



changes in environment have little effect upon mental ability (Jensen, 1969), 

• However, the compensatory education research was plagued with methodological 

* difficulties making results uninterpretable (Campbell and^rlebacher, 1970), ^ 
Bronfenbrenner (1975.) reviews several studies of intensive early ititerventioi^^ 
which have produ6ed gains of as much as 20 points on IQ tests. The, evidence 

is clear that, even short t^OTr alterations of environments ca^i aijEect IQ scores, » 

ComparabJLlity of Envj/ronments 

Ignoring tpe lick of external validity in the separated twin studies, we 
now turn to the quesJtion of internal validity. If monrOzygotic twins aire . 
separated' at an early age and> placed Iti diff erent , environments , then, the 
^gene£icist argument runs, any similarity in their IQ scores must? be produced ^ 
by their identical genes. This holds only if the environments in which they 
are placed are random with respect to each other,, In these stbdi^s of 
> separated, monozygotic twins and also in the adopted children studies does the 
assumption of randoijj environments hold? 

No/ First bf *all, families who adopt tend to be more wealthy than average ^ 
# (Goldberg'', 1976), ' This results in, a restricted * range of enviroixraents . We . 

^ have seen that this depresses »the environment-IQ correlations. Secondly, ^ 

ft 1 

adopted children tend to be placed in 'homes more sifeLlar to those of their 
natural; parents) than random. This is evident in^Kamin's (1974, 1976) an^sis 
of Shield"' s '^196^) datai? Adopted children are often raised in the homes^ of • 
friends or.reptiv^. Simply beipg adopted into the same community is a 
sigT^ficant homogenizing factor. Thirdly, genetic-environment interaction is 
an important factor. For example, two twins with genetic endowment for ^ . 
athletic ability are very likely -to both choose to participate in sports. The 
environments to which they are subsequently exposed will be s^ignif icantly 
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determined by such a choice and correlated. Finally, it is important to note 
that each of these factors sends *to spuriously inflate estimates of heritability 
based on stu^ies^ of monozygotic twins. Because of the-unknown magnitude 
of these effects, heritability extimates as the/ have been computed are of little 
more use than the trivial statemant that the upper bound he'^it^ility is 1.0 
(Layzer, 1975) and may be considerably more misleading. Kamin (I^A^, jS?^) 
reviews all four crucial twin studies carried out on monozygotic twp^ reared 
apart. Obtained uncorrected correlations were 0.'86, 0.77/0.67, and 0.67. 
In light of the above considerations alone- it is hard to agree w(i thr Jensen 



that heritability of intelligence probably lies between 0.7 and |D.8 with the 

best^ estimate being the higher.' The more reasonable position would seem to be 

2 

that the least value obtained in the studies , 'that is 0.67 oi; k5%^ is an 
estifnate of the .upper bound of tbe heritability of intelligence. 

Now, I would like to turn to the question associated with regression 
toward the mean. it has been argued by Jensen (1969) that if the IQ score, of 
blacks regres'ses toward the mean on retest more than a matched sample^ of 
whites above the mean, then this indicate^ that*there exists a^ower true 

population mean for blacks than f6r whites. ^This statement is based upon the * / 

' / 

belief that the more extreme is a score, the more it will regress on posttest/ 
There are some difficuYr^es with this argument. • ' * 

the amount of regression toward the mean which wiT^^ occur in a subgroup 
depends upon the mean error term assqciated with the subgroup.^ The larger 
the absolute value of the error term^ the more regression will occur. 
It is impossible to unfailingly separate the error and' true score components 



an the'observed scores of any subgroup, of cour^. However, in theory the 
size of the error te/-m depends upjon the- r^^ i ab i 1 i ty of the criterion and 
tf\e location in the distribution of the subgroup. My'^'own recent research on 



regression (Dowel 1, 1977) 'shows' that whenever matching on selection 
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is carried ou\ on thfe basis of any variable cor eel ated .with a criterion 

" • / ' . . . " 

that differential re.gression will^occur. This is precisely the situation 

to be -expected with race differences in IQ scores, ^ince race is correlated 

with IQ, differential ^regress ion wiU occur. ,Thi/mere,ly indicates subgroup' 

■ , , ' / ' - ■ - 

differences in rel iabi 1 i t^ and observed score "ptfeans and indicatel nothing, 

/ • '>»-''/- ' . , . • 

about true score?. It is wholly unwarrentecT to st^te that true population 

means may be estimated by such evidence a3 differential regress/jon arising,,. 

from unre'l iabi 1 i ty and matching on the/basis of .a correl ated variable. 

IV. Conclusions 

^ The mathematics of hered/fy analysis are pomp lex e^iough t|at some 
honest- disagreement among professionals qccurs. Social and poli/tical 
assertions ba^ed upon conc/usions about scientific aspects'of the matter do • ^ 
not carry the weight of/scientif ic, findings , ^ ^ - . . ^ - 

An analysis, of the methods used in studies. of heredity and environmental 
effects on "intell i^ence Vevelas that aTl suffer from ^ery weak external^ 
. validity. The unknown effects ol; the bizarre sampling techniques protJably 
resulted in biased sa^rt^les. Moreover, because ^f the bias, the use of 
i the restricti.on of range correction is wholly inappropriate for 'heri tab i 1 i ty ^ 

estimates. Herltability factors may be specific to population subgroup^. 
Hencfe/ estimates of the heritability of IQ and intelligence are very suspect. 

Ignoring external ^al'idi'ty for' a moment, it appears that IQ studies 

? 

are weak in other ways. The correlated, envi ronments 6f adopted twins as 
' well as qene-envl roniUnt interactions make internal valicUty of these 
^ ^ studi-es suspect. Particularly important is the fact that the correlated 

environment and gene-env i ronmen if cons i derat ions each tend to inflate tieri tabi 1 i ty 
' -estimates.. Finally, assestions that Vegress ion toward the mean can be used 

'(' ' ^ 12 L . ■ , 
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to identify 'population' true scores is very misleading and incorrect. 

* 

4 

Different subgroup error components and different observed score means makes 
differential subgroup regression likely without fmplication true sdore means. 

IQ testing is a complex^area for further scientific research. The 
glare of publicity and the heat of controversy are inappropriate in connection 
with a topic on which no .scientific concensus has emerged. 



/ 
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